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From: Milligan, Lauren [mailto:Lauren.Milligan@dep.state.fl.us]  

Sent: Friday, September 26, 2014 3:40 PM 
To: John Kaiser 

Subject: RE: Draft Final EA for SpaceX Proposed Landing event at LC-13 CCAFS - State Clearance Letter 

 

Mr. John P. Kaiser, PMP, Project Manager 

Gator Engineering & Aquifer Restoration, Inc. 

185 Middle Street, Suite 1351 

Lake Mary, FL 32746-3635 

 

RE:  Department of the Air Force – Draft Final Environmental Assessment for the SpaceX 

Vertical Landing of the Falcon Vehicle and Construction at Launch Complex 13 at Cape 

Canaveral Air Force Station – Brevard County, Florida. 

SAI # FL201409227026C 

 

Dear John: 

 

Florida State Clearinghouse staff has reviewed the referenced Draft Final Environmental 

Assessment (EA) under the following authorities:  Presidential Executive Order 12372; § 

403.061(42), Florida Statutes; the Coastal Zone Management Act, 16 U.S.C. §§ 1451-1464, as 

amended; and the National Environmental Policy Act, 42 U.S.C. §§ 4321-4347, as amended. 

 

Based on the information contained in the Draft Final EA and comments received from the 

Florida Department of State-SHPO, the state has determined that, at this stage, the proposed 

federal action is consistent with the Florida Coastal Management Program (FCMP).  The state’s 

continued concurrence will be based on the activity’s compliance with FCMP authorities, 

including federal and state monitoring of the activity to ensure its continued conformance, and 

the adequate resolution of any issues identified during subsequent regulatory reviews.  The 

state’s final concurrence of the project’s consistency with the FCMP will be determined during 

the environmental permitting process, in accordance with Section 373.428, Florida Statutes. 

 

If you have any questions regarding this message or the state intergovernmental review process, 

please don’t hesitate to contact me at (850) 245-2170 or Lauren.Milligan@dep.state.fl.us.  Thank 

you. 

 

Yours sincerely, 

 

Lauren P. Milligan 
 

Lauren P. Milligan, Coordinator 

Florida State Clearinghouse 

Florida Department of Environmental Protection 

3900 Commonwealth Blvd, M.S. 47 

Tallahassee, FL 32399-3000 

ph. (850) 245-2170 

fax (850) 245-2190 

Lauren.Milligan@dep.state.fl.us 



From: Pace Wilber - NOAA Federal [mailto:pace.wilber@noaa.gov]  

Sent: Thursday, January 16, 2014 8:26 AM 
To: Dennis Klemm - NOAA Federal 

Cc: CHAMBERS, ANGY L GS-12 USAF AFSPC 45 CES/CEIE; George Getsinger - NOAA Federal; Teletha 
Mincey - NOAA Federal; Eric Hawk - NOAA Federal 

Subject: Re: SpaceX Proposed Return of First Stage to Land 

 

Hello Angy.  Same from the EFH perspective.  Your consultation requirements for this project 

have been met and there is no need to re-initiate consultation unless there are project changes 

that would impact EFH.  Please let me know if you have any questions.  Pace 

 

On Thu, Jan 16, 2014 at 8:18 AM, Dennis Klemm - NOAA Federal <dennis.klemm@noaa.gov> 

wrote: 

Hello Angy, 

As far as the ESA side of the issue there is no need for further consultation.  You have already 

consulted on the aspects that have the potential for impacts to ESA-listed species under NMFS's 

purview, and as you indicated, the modification would be a "no effect."  Federal action agencies 

do not need to consult with us on, or notify us, of "no effect" determinations. 

Thank you, 

 

--  

Dennis Klemm 

Acting Branch Chief- Interagency Coordination Branch 

& Sea Turtle Program Coordinator- Southeast Regional Office 

National Marine Fisheries Service 

263 13th Avenue South, St. Petersburg, FL 33701 

727-551-5777 

 

On Thu, Jan 16, 2014 at 8:09 AM, Teletha Mincey - NOAA Federal 

<teletha.mincey@noaa.gov> wrote: 

 

---------- Forwarded message ---------- 

From: CHAMBERS, ANGY L GS-12 USAF AFSPC 45 CES/CEIE 

<angy.chambers@us.af.mil> 

Date: Thu, Jan 16, 2014 at 8:07 AM 

Subject: SpaceX Proposed Return of First Stage to Land 

To: "Pace Wilber - NOAA Federal <pace.wilber@noaa.gov> (pace.wilber@noaa.gov)" 

<pace.wilber@noaa.gov>, "George Getsinger (George.Getsinger@noaa.gov)" 

<George.Getsinger@noaa.gov>, "Teletha.Mincey@noaa.gov" <Teletha.Mincey@noaa.gov>, 

"Eric Hawk (Eric.Hawk@noaa.gov)" <Eric.Hawk@noaa.gov> 

 

 



Pace et al:  SpaceX is proposing to use SLC 36 as a landing site for their first stage. Basically 

they would launch from SLC 40 and rather than the first stage landing in the ocean, which has 

previously been consulted on, the first stage would return to land vertically at a previously 

disturbed site at SLC 36.  My question is whether further consultation would be required from 

your offices since the launch and landing in the ocean has been reviewed/approved and return to 

land has no effect on marine resources.  I appreciate your time and response.  Thanks. 

 

 

v/r 

 

Angy Chambers 

Environmental Conservation 

45 CES/CEIE 

Work 321-853-6822 

DSN 467-6822 

Cell 321-794-5268 

 

 

 
From: Dennis Klemm - NOAA Federal [mailto:dennis.klemm@noaa.gov]  
Sent: Thursday, January 16, 2014 8:19 AM 

To: CHAMBERS, ANGY L GS-12 USAF AFSPC 45 CES/CEIE 

Cc: Pace Wilber - NOAA Federal; George Getsinger - NOAA Federal; Teletha Mincey - NOAA Federal; Eric 
Hawk - NOAA Federal 

Subject: Re: SpaceX Proposed Return of First Stage to Land 

 

Hello Angy, 

As far as the ESA side of the issue there is no need for further consultation.  You have already 

consulted on the aspects that have the potential for impacts to ESA-listed species under NMFS's 

purview, and as you indicated, the modification would be a "no effect."  Federal action agencies 

do not need to consult with us on, or notify us, of "no effect" determinations. 

Thank you, 

 

--  

Dennis Klemm 

Acting Branch Chief- Interagency Coordination Branch 

& Sea Turtle Program Coordinator- Southeast Regional Office 

National Marine Fisheries Service 

263 13th Avenue South, St. Petersburg, FL 33701 

727-551-5777 

 

On Thu, Jan 16, 2014 at 8:09 AM, Teletha Mincey - NOAA Federal 

<teletha.mincey@noaa.gov> wrote: 



 

---------- Forwarded message ---------- 

From: CHAMBERS, ANGY L GS-12 USAF AFSPC 45 CES/CEIE 

<angy.chambers@us.af.mil> 

Date: Thu, Jan 16, 2014 at 8:07 AM 

Subject: SpaceX Proposed Return of First Stage to Land 

To: "Pace Wilber - NOAA Federal <pace.wilber@noaa.gov> (pace.wilber@noaa.gov)" 

<pace.wilber@noaa.gov>, "George Getsinger (George.Getsinger@noaa.gov)" 

<George.Getsinger@noaa.gov>, "Teletha.Mincey@noaa.gov" <Teletha.Mincey@noaa.gov>, 

"Eric Hawk (Eric.Hawk@noaa.gov)" <Eric.Hawk@noaa.gov> 

 

 

Pace et al:  SpaceX is proposing to use SLC 36 as a landing site for their first stage. Basically 

they would launch from SLC 40 and rather than the first stage landing in the ocean, which has 

previously been consulted on, the first stage would return to land vertically at a previously 

disturbed site at SLC 36.  My question is whether further consultation would be required from 

your offices since the launch and landing in the ocean has been reviewed/approved and return to 

land has no effect on marine resources.  I appreciate your time and response.  Thanks. 

 

 

v/r 

 

Angy Chambers 

Environmental Conservation 

45 CES/CEIE 

Work 321-853-6822 

DSN 467-6822 

Cell 321-794-5268 
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Appendix C  
LC-13 (SWMU 038) LUCP and Fact Sheet 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Site History: Solid Waste Management Unit (SWMU) No. 038, abandoned Space Launch Complex 13 (SLC-13), is located on the eastern side of Cape Canaveral Air 
Force Station (CCAFS) adjacent to the Atlantic Ocean (see site map, below). SLC-13 was constructed in 1956 for the Atlas Missile Program. As an active launch  
complex, a number of hazardous chemicals were stored and used on-site, including solvents, petroleum compounds, and other hazardous materials. It is suspected that 
materials used at this site such as rocket fuel and solvents may have been disposed of on site. It has also been established that historical paint formulations used on 
launch structures included polychlorinated biphenyls (PCBs) and lead. Routine sand blasting activities following launches dispersed the PCBs throughout site surface 
soils. SLC-13 was officially de-activated in 1978, but launch structures were left in place. The historical coatings were never removed or otherwise mitigated, and  
continued corrosion spread PCB and lead contamination throughout the site.  
 

Environmental Media and Contaminants: 
Groundwater: Contaminants identified in groundwater at the site include chlorinated solvent residuals. 
Surface Water: No contaminants were detected in surface water at concentrations that pose a risk to human health or the environment. 
Sediment: An Interim Measure (IM) was conducted in order to remove metals-contaminated sediments and soils from the deluge basin at SLC-13. No additional 

sediment concerns exist at the site.  
Soil: Contaminants identified in site soil include metals, PCBs, and polynuclear aromatic hydrocarbons (PAHs). In the 1990s, an IM was conducted to excavate and 

remove the most contaminated soils. In 2005, the final remedy included removal of the remaining structures coated with PCB and lead-laden paints, followed 
by a soil cleanup. Following this action, remaining soils throughout most of the site are safe under all land use scenarios. Areas around the flume trench, deluge 
basin, and blockhouse are limited to industrial re-use due to residual PCB, metal, and PAH contamination that exceeds residential cleanup requirements.  

 

Current Status: In accordance with the U.S. Environmental Protection Agency’s Resource Conservation and Recovery Act (RCRA), a Preliminary Assessment (PA) 
was completed in 1992 and concluded that sampling was warranted at the site. A Site Investigation (SI) was conducted from 1994 to 1997. Based on the PA and SI, a 
RCRA Facility Investigation (RFI) was the conducted to evaluate the nature and extent of contamination at the site and to assess the human health and ecological risk 
posed by site contaminants. During these investigations, two separate IMs were implemented to excavate contaminated soil and sediment. The first IM addressed  
contaminated sediments in the deluge basin, while the second IM targeted areas with the highest concentrations of soil contamination. Since the PCB and lead-based 
paint on the derelict launch stand was a continuing source of soil contamination, it was determined that a complete soil cleanup would be delayed until the source could 
be properly mitigated. The RFI, completed in 2002, recommended a Corrective Measures Study (CMS) to assess potential remedies for groundwater contamination, the 
continuing source of PCBs at the site, and remaining PCB-contaminated soils. Two separate CMS reports were completed.  
 

The Statement of Basis for both remedies was finalized and released for public review during August 2005. Ozone injection was identified as the selected groundwater 
remedy. An ozone treatment system was installed in 2005 and was operated until 2011, when an approximately 80% reduction was documented in the treatment area. 
The PCB-paint laden structures were demolished in 2005 and disposed of in accordance with PCB waste regulations. Subsequently, remaining contaminated soils from 
throughout the site were excavated and disposed. Residual soil contamination in the area of the deluge basin, flume trench and blockhouse limits site re-use to industrial 
scenarios.  
 

Additional groundwater sampling was performed in 2010 to assess areas where access was previously restricted by safety concerns. In 2011, vegetable oil was injected 
in a hotspot that was identified outside the ozone treatment footprint. In 2012, more groundwater sampling was performed to completely delineate any remaining 
groundwater “hotspots” and to prepare a fate and transport model to assist with determining additional treatment that might accelerate the overall time to cleanup.  
Plume-wide monitored natural attenuation (MNA) has been on-going throughout all treatment actions.  
 

Future Actions: Remaining soils are safe under all but residential land use scenarios. Land use controls have been implemented to ensure industrial re-use in the im-
pacted areas. Currently, MNA is on-going to assess the continued natural degradation of residual groundwater contamination. Land use controls will be maintained on 
both soil and groundwater to ensure that contaminant residuals do not cause any adverse impacts to human health or the environment. LTM and LUCs will continue until 
residual contamination is removed or naturally attenuates to acceptable regulatory levels. Additional treatment or enhancements, like the 2011 vegetable oil injection, 
may help accelerate groundwater cleanup. 

UNITED STATES AIR FORCE 
45TH SPACE WING 

Fact Sheet For: SPACE LAUNCH COMPLEX 13, FACILITY 8808, SWMU NO. 038 
   INSTALLATION RESTORATION PROGRAM– SITE DP004 
   CAPE CANAVERAL AIR FORCE STATION, FLORIDA 

 
Current Status:  MONITORED NATURAL ATTENUATION (WITH ADDITIONAL  

ENHANCEMENT, IF APPROPRIATE); MANAGEMENT OF LAND USE CONTROLS  

For further information regarding this site please contact the 45th SW IRP Office at 321-476-2927. 

Last updated Mar 2013 



For further information regarding this site please contact the 45th SW IRP Office at 321-476-2927 

Center: Overview of SLC-13, prior to removal 
of structures coated with PCB and lead-laden 
paint. Both the Quonset hut (foreground) and 
the launch stand (background) have been  
removed since this photo was taken.  
 
Above, 1-6: Illustrates process by which the 
launch stand was demolished, cut, and removed 
to eliminate the source of PCB and lead soil 
contamination. 
 
Below: Installation of ozone injection point. 
Ozone treatment occurred for approximately 
five year in the vicinity of the former Quonset 
hut.  
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Please contact the 45 SW Installation Restoration Program Office to obtain additional information, including:  
the 45 SW Land Use Controls Management Plan; the CCAFS HSWA Permit; a complete record of corrective actions at SLC-13; or other  
related documents, guidance, and regulations. The IRP office can be reached by phone at (321) 853-0965. Information can also be obtained via 
the IRP website at http://www.mission-support.org/45SW_IRP_EA  

 
Facility Description  
Solid Waste Management Unit (SWMU) No. 038, abandoned Space Launch Complex 13 
(SLC-13), is located on the eastern side of Cape Canaveral Air Force Station (CCAFS) adja-
cent to the Atlantic Ocean (see site map, below). Portions of this site served as an active non-
hazardous waste drum storage area and a nitrogen and helium storage area. It is suspected 
that materials used at this site such as rocket fuel and solvents may have been disposed of 
on-site. 
 
Location (Reference Site Map on last page of this document) 
 Site Plan Coordinate Northing Easting 

North   1510416.69 802620.63 
West    1509408.25 801314.61 
South   1508110.50 801694.85 
East    1509565.30 803157.91 

 
Objective  
Implementation of site-specific land use controls to protect against exposure to contaminated 
soil and shallow groundwater and to prevent consumption of the shallow groundwater. 
 
Land Use Controls (LUCs) to be Implemented:  
Administrative: 

• The property will be prohibited from residential or other non-industrial development 
without prior written notification to the Florida Department of Environmental  
Protection (FDEP) and the United States Environmental Protection Agency (USEPA) 
concerning the SWMU land use change. Dependent on site conditions and the nature 
and intensity of the proposed land use change, additional site investigations and  
assessments could be required for the United States Air Force (USAF). Based on 
these analyses, additional remedial measures may be required prior to land use 
change. 

LAND USE CONTROL IMPLEMENTATION PLAN 
 

 
SPACE LAUNCH COMPLEX 13 

SOLID WASTE MANAGEMENT UNIT 038 (SWMU NO. 038) 
45TH SPACE WING 

CAPE CANAVERAL AIR FORCE STATION 
BREVARD COUNTY, FLORIDA 



 

Please contact the 45 SW Installation Restoration Program Office to obtain additional information, including:  
the 45 SW Land Use Controls Management Plan; the CCAFS HSWA Permit; a complete record of corrective actions at SLC-13; or other  
related documents, guidance, and regulations. The IRP office can be reached by phone at (321) 853-0965. Information can also be obtained via 
the IRP website at http://www.mission-support.org/45SW_IRP_EA  

• Perform and document baseline LUC audit upon finalization of the Statement of  
Basis. 

• Perform and document quarterly LUC compliance inspections in accordance with 
45th SW LUC Management Plan. 

• Perform, document, and report an annual audit on LUC implementation,  
maintenance, and compliance in accordance with the 45th SW LUC Management 
Plan and the current CCAFS Corrective Action Management Plan (CAMP). 

• The property Land Use Control Implementation Plan (LUCIP) shall remain in effect 
until:  
a) Changes to applicable Federal and State risk-based clean-up standards occur 

which indicate site contaminants no longer pose potential residential risk; or  
b) Reduction in site contaminant concentrations to below Federal and State  

residential risk-based clean-up standards occurs. 
• In the event of property realignment, transfer, or re-use for non-industrial or non-

commercial purposes, assessment and remediation may be necessary to ensure that 
impacts to ecological receptors are not increased or to mitigate potential ecological 
impacts where residual contamination exists. 

 
Soil: 

• Soils will not be disturbed or moved during property development, maintenance or 
construction, without:  
a) USAF review, coordination, and approval of the proposed construction/

development plans via AF Form 103 (Base Civil Engineer Work Clearance  
Request), 332 (Base Civil Engineer Work Request), 813 (Request for  
Environmental Impact Analysis), or similar process; 

b) Ensuring proper engineering controls are in-place so that unauthorized release or 
disposal of the affected media does not occur. This includes conducting  
appropriate testing and developing a disposal plan in accordance with the LUC 
Management Plan prior to off-site disposal; and 

c) Use of proper personal protection equipment by site workers, as  
determined by the project proponent’s occupational health and safety advisor. 

• The site will be posted with proper warning signs in accordance with the LUC  
Management Plan and the CCAFS Hazardous and Solid Waste Amendments 
(HSWA) Permit. 

 
Groundwater: 

• The consumptive use of the site’s surficial aquifer groundwater will be prohibited. 
• Incidental consumption and dermal exposure to groundwater from the surficial  

aquifer will be prevented. This will be addressed by the project proponent’s health 
and safety advisor. 

• Groundwater will not be contacted, pumped, or discharged during property  
development, maintenance, or construction, without: 
a) USAF review, coordination, and approval of the proposed construction/

LUCIP 
SPACE LAUNCH COMPLEX 13 (SWMU NO. 038) 
CAPE CANAVERAL AIR FORCE STATION 
NOV 2005 



 

Please contact the 45 SW Installation Restoration Program Office to obtain additional information, including:  
the 45 SW Land Use Controls Management Plan; the CCAFS HSWA Permit; a complete record of corrective actions at SLC-13; or other  
related documents, guidance, and regulations. The IRP office can be reached by phone at (321) 853-0965. Information can also be obtained via 
the IRP website at http://www.mission-support.org/45SW_IRP_EA  

development plans via AF 
F o r m  1 0 3  ( B a s e  C i v i l  E n g i n e e r  W o r k  C l e a r a n c e  
Request), 332 (Base Civil Engineer Work Request), 813 (Request for Environ-
mental Impact Analysis), or similar process; 

b) Ensuring proper engineering controls are in-place so that unauthorized release or 
disposal of the affected media (groundwater) does not occur. This includes  
conducting appropriate testing and developing a disposal plan in accordance with 
the LUC Management Plan prior to any pumping or discharge of groundwater; 
and  

c) Use of proper personal protection equipment by site workers, as determined by 
the project proponent’s occupational health and safety advisor.  

• USAF will institute a long term monitoring (LTM) program of groundwater in the 
surficial aquifer in accordance with an approved LTM work plan and the CAMP as 
part of the CCAFS HSWA Permit. Reports will be submitted annually, along with 
revised work plan recommendations, until such a time as the relevant regulatory 
agencies agree that contaminant concentrations in groundwater no longer warrant 
LTM. 

• The site will be posted with proper warning signs in accordance with the LUC  
Management Plan and the CCAFS HSWA permit. 

 
Statement of Basis:   
The Statement of Basis (SB) has been approved. The remedy was incorporated in the  
October 2005 HSWA Permit modification. 
 
Additional Information:  

Pertinent Document Reference: 
Statement of Basis, URS Corp, April 2005.  

Final Corrective Measures Study for Launch Tower, URS Corp, December 2003.  

Corrective Measures Study for Groundwater, Rev. 0, Apex Environmental,  
November 2003.  

RCRA Facility Investigation Report, O’Brien & Gere Engineers, Inc., November 
2001. 

PCB Soil Removal Interim Measure Report, BEM Systems, July 1999 

LUCIP 
SPACE LAUNCH COMPLEX 13 (SWMU NO. 038) 
CAPE CANAVERAL AIR FORCE STATION 
MAY 2005 



 

Please contact the 45 SW Installation Restoration Program Office to obtain additional information, including:  
the 45 SW Land Use Controls Management Plan; the CCAFS HSWA Permit; a complete record of corrective actions at SLC-13; or other  
related documents, guidance, and regulations. The IRP office can be reached by phone at (321) 853-0965. Information can also be obtained via 
the IRP website at http://www.mission-support.org/45SW_IRP_EA  

Space Launch Complex 13 – Site Map 

LUCIP 
SPACE LAUNCH COMPLEX 13 (SWMU NO. 038) 
CAPE CANAVERAL AIR FORCE STATION 
MAY 2005 
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Brevard County, Florida Soils Map 
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Preface
Soil surveys contain information that affects land use planning in survey areas. They
highlight soil limitations that affect various land uses and provide information about
the properties of the soils in the survey areas. Soil surveys are designed for many
different users, including farmers, ranchers, foresters, agronomists, urban planners,
community officials, engineers, developers, builders, and home buyers. Also,
conservationists, teachers, students, and specialists in recreation, waste disposal,
and pollution control can use the surveys to help them understand, protect, or enhance
the environment.

Various land use regulations of Federal, State, and local governments may impose
special restrictions on land use or land treatment. Soil surveys identify soil properties
that are used in making various land use or land treatment decisions. The information
is intended to help the land users identify and reduce the effects of soil limitations on
various land uses. The landowner or user is responsible for identifying and complying
with existing laws and regulations.

Although soil survey information can be used for general farm, local, and wider area
planning, onsite investigation is needed to supplement this information in some cases.
Examples include soil quality assessments (http://www.nrcs.usda.gov/wps/portal/
nrcs/main/soils/health/) and certain conservation and engineering applications. For
more detailed information, contact your local USDA Service Center (http://
offices.sc.egov.usda.gov/locator/app?agency=nrcs) or your NRCS State Soil
Scientist (http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/contactus/?
cid=nrcs142p2_053951).

Great differences in soil properties can occur within short distances. Some soils are
seasonally wet or subject to flooding. Some are too unstable to be used as a
foundation for buildings or roads. Clayey or wet soils are poorly suited to use as septic
tank absorption fields. A high water table makes a soil poorly suited to basements or
underground installations.

The National Cooperative Soil Survey is a joint effort of the United States Department
of Agriculture and other Federal agencies, State agencies including the Agricultural
Experiment Stations, and local agencies. The Natural Resources Conservation
Service (NRCS) has leadership for the Federal part of the National Cooperative Soil
Survey.

Information about soils is updated periodically. Updated information is available
through the NRCS Web Soil Survey, the site for official soil survey information.

The U.S. Department of Agriculture (USDA) prohibits discrimination in all its programs
and activities on the basis of race, color, national origin, age, disability, and where
applicable, sex, marital status, familial status, parental status, religion, sexual
orientation, genetic information, political beliefs, reprisal, or because all or a part of an
individual's income is derived from any public assistance program. (Not all prohibited
bases apply to all programs.) Persons with disabilities who require alternative means
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http://www.nrcs.usda.gov/wps/portal/nrcs/main/soils/health/
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http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/contactus/?cid=nrcs142p2_053951


for communication of program information (Braille, large print, audiotape, etc.) should
contact USDA's TARGET Center at (202) 720-2600 (voice and TDD). To file a
complaint of discrimination, write to USDA, Director, Office of Civil Rights, 1400
Independence Avenue, S.W., Washington, D.C. 20250-9410 or call (800) 795-3272
(voice) or (202) 720-6382 (TDD). USDA is an equal opportunity provider and
employer.
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How Soil Surveys Are Made
Soil surveys are made to provide information about the soils and miscellaneous areas
in a specific area. They include a description of the soils and miscellaneous areas and
their location on the landscape and tables that show soil properties and limitations
affecting various uses. Soil scientists observed the steepness, length, and shape of
the slopes; the general pattern of drainage; the kinds of crops and native plants; and
the kinds of bedrock. They observed and described many soil profiles. A soil profile is
the sequence of natural layers, or horizons, in a soil. The profile extends from the
surface down into the unconsolidated material in which the soil formed or from the
surface down to bedrock. The unconsolidated material is devoid of roots and other
living organisms and has not been changed by other biological activity.

Currently, soils are mapped according to the boundaries of major land resource areas
(MLRAs). MLRAs are geographically associated land resource units that share
common characteristics related to physiography, geology, climate, water resources,
soils, biological resources, and land uses (USDA, 2006). Soil survey areas typically
consist of parts of one or more MLRA.

The soils and miscellaneous areas in a survey area occur in an orderly pattern that is
related to the geology, landforms, relief, climate, and natural vegetation of the area.
Each kind of soil and miscellaneous area is associated with a particular kind of
landform or with a segment of the landform. By observing the soils and miscellaneous
areas in the survey area and relating their position to specific segments of the
landform, a soil scientist develops a concept, or model, of how they were formed. Thus,
during mapping, this model enables the soil scientist to predict with a considerable
degree of accuracy the kind of soil or miscellaneous area at a specific location on the
landscape.

Commonly, individual soils on the landscape merge into one another as their
characteristics gradually change. To construct an accurate soil map, however, soil
scientists must determine the boundaries between the soils. They can observe only
a limited number of soil profiles. Nevertheless, these observations, supplemented by
an understanding of the soil-vegetation-landscape relationship, are sufficient to verify
predictions of the kinds of soil in an area and to determine the boundaries.

Soil scientists recorded the characteristics of the soil profiles that they studied. They
noted soil color, texture, size and shape of soil aggregates, kind and amount of rock
fragments, distribution of plant roots, reaction, and other features that enable them to
identify soils. After describing the soils in the survey area and determining their
properties, the soil scientists assigned the soils to taxonomic classes (units).
Taxonomic classes are concepts. Each taxonomic class has a set of soil
characteristics with precisely defined limits. The classes are used as a basis for
comparison to classify soils systematically. Soil taxonomy, the system of taxonomic
classification used in the United States, is based mainly on the kind and character of
soil properties and the arrangement of horizons within the profile. After the soil
scientists classified and named the soils in the survey area, they compared the
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individual soils with similar soils in the same taxonomic class in other areas so that
they could confirm data and assemble additional data based on experience and
research.

The objective of soil mapping is not to delineate pure map unit components; the
objective is to separate the landscape into landforms or landform segments that have
similar use and management requirements. Each map unit is defined by a unique
combination of soil components and/or miscellaneous areas in predictable
proportions. Some components may be highly contrasting to the other components of
the map unit. The presence of minor components in a map unit in no way diminishes
the usefulness or accuracy of the data. The delineation of such landforms and
landform segments on the map provides sufficient information for the development of
resource plans. If intensive use of small areas is planned, onsite investigation is
needed to define and locate the soils and miscellaneous areas.

Soil scientists make many field observations in the process of producing a soil map.
The frequency of observation is dependent upon several factors, including scale of
mapping, intensity of mapping, design of map units, complexity of the landscape, and
experience of the soil scientist. Observations are made to test and refine the soil-
landscape model and predictions and to verify the classification of the soils at specific
locations. Once the soil-landscape model is refined, a significantly smaller number of
measurements of individual soil properties are made and recorded. These
measurements may include field measurements, such as those for color, depth to
bedrock, and texture, and laboratory measurements, such as those for content of
sand, silt, clay, salt, and other components. Properties of each soil typically vary from
one point to another across the landscape.

Observations for map unit components are aggregated to develop ranges of
characteristics for the components. The aggregated values are presented. Direct
measurements do not exist for every property presented for every map unit
component. Values for some properties are estimated from combinations of other
properties.

While a soil survey is in progress, samples of some of the soils in the area generally
are collected for laboratory analyses and for engineering tests. Soil scientists interpret
the data from these analyses and tests as well as the field-observed characteristics
and the soil properties to determine the expected behavior of the soils under different
uses. Interpretations for all of the soils are field tested through observation of the soils
in different uses and under different levels of management. Some interpretations are
modified to fit local conditions, and some new interpretations are developed to meet
local needs. Data are assembled from other sources, such as research information,
production records, and field experience of specialists. For example, data on crop
yields under defined levels of management are assembled from farm records and from
field or plot experiments on the same kinds of soil.

Predictions about soil behavior are based not only on soil properties but also on such
variables as climate and biological activity. Soil conditions are predictable over long
periods of time, but they are not predictable from year to year. For example, soil
scientists can predict with a fairly high degree of accuracy that a given soil will have
a high water table within certain depths in most years, but they cannot predict that a
high water table will always be at a specific level in the soil on a specific date.

After soil scientists located and identified the significant natural bodies of soil in the
survey area, they drew the boundaries of these bodies on aerial photographs and
identified each as a specific map unit. Aerial photographs show trees, buildings, fields,
roads, and rivers, all of which help in locating boundaries accurately.

Custom Soil Resource Report
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Soil Map
The soil map section includes the soil map for the defined area of interest, a list of soil
map units on the map and extent of each map unit, and cartographic symbols
displayed on the map. Also presented are various metadata about data used to
produce the map, and a description of each soil map unit.
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MAP LEGEND MAP INFORMATION

Area of Interest (AOI)
Area of Interest (AOI)

Soils
Soil Map Unit Polygons

Soil Map Unit Lines

Soil Map Unit Points

Special Point Features
Blowout

Borrow Pit

Clay Spot

Closed Depression

Gravel Pit

Gravelly Spot

Landfill

Lava Flow

Marsh or swamp

Mine or Quarry

Miscellaneous Water

Perennial Water

Rock Outcrop

Saline Spot

Sandy Spot

Severely Eroded Spot

Sinkhole

Slide or Slip

Sodic Spot

Spoil Area

Stony Spot

Very Stony Spot

Wet Spot

Other

Special Line Features

Water Features
Streams and Canals

Transportation
Rails

Interstate Highways

US Routes

Major Roads

Local Roads

Background
Aerial Photography

The soil surveys that comprise your AOI were mapped at 1:24,000.

Warning: Soil Map may not be valid at this scale.

Enlargement of maps beyond the scale of mapping can cause
misunderstanding of the detail of mapping and accuracy of soil line
placement. The maps do not show the small areas of contrasting
soils that could have been shown at a more detailed scale.

Please rely on the bar scale on each map sheet for map
measurements.

Source of Map:  Natural Resources Conservation Service
Web Soil Survey URL:  http://websoilsurvey.nrcs.usda.gov
Coordinate System:  Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator
projection, which preserves direction and shape but distorts
distance and area. A projection that preserves area, such as the
Albers equal-area conic projection, should be used if more accurate
calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data as of
the version date(s) listed below.

Soil Survey Area:  Brevard County, Florida
Survey Area Data:  Version 11, Dec 6, 2013

Soil map units are labeled (as space allows) for map scales 1:50,000
or larger.

Date(s) aerial images were photographed:  Mar 12, 2011—Mar
13, 2011

The orthophoto or other base map on which the soil lines were
compiled and digitized probably differs from the background
imagery displayed on these maps. As a result, some minor shifting
of map unit boundaries may be evident.
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Map Unit Legend

Brevard County, Florida (FL009)

Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI

9 Canaveral-Anclote complex,
gently undulating

77.4 75.6%

10 Canaveral-Urban land complex 11.5 11.2%

14 Beaches 0.2 0.2%

69 Urban land 13.3 13.0%

Totals for Area of Interest 102.3 100.0%

Map Unit Descriptions
The map units delineated on the detailed soil maps in a soil survey represent the soils
or miscellaneous areas in the survey area. The map unit descriptions, along with the
maps, can be used to determine the composition and properties of a unit.

A map unit delineation on a soil map represents an area dominated by one or more
major kinds of soil or miscellaneous areas. A map unit is identified and named
according to the taxonomic classification of the dominant soils. Within a taxonomic
class there are precisely defined limits for the properties of the soils. On the landscape,
however, the soils are natural phenomena, and they have the characteristic variability
of all natural phenomena. Thus, the range of some observed properties may extend
beyond the limits defined for a taxonomic class. Areas of soils of a single taxonomic
class rarely, if ever, can be mapped without including areas of other taxonomic
classes. Consequently, every map unit is made up of the soils or miscellaneous areas
for which it is named and some minor components that belong to taxonomic classes
other than those of the major soils.

Most minor soils have properties similar to those of the dominant soil or soils in the
map unit, and thus they do not affect use and management. These are called
noncontrasting, or similar, components. They may or may not be mentioned in a
particular map unit description. Other minor components, however, have properties
and behavioral characteristics divergent enough to affect use or to require different
management. These are called contrasting, or dissimilar, components. They generally
are in small areas and could not be mapped separately because of the scale used.
Some small areas of strongly contrasting soils or miscellaneous areas are identified
by a special symbol on the maps. If included in the database for a given area, the
contrasting minor components are identified in the map unit descriptions along with
some characteristics of each. A few areas of minor components may not have been
observed, and consequently they are not mentioned in the descriptions, especially
where the pattern was so complex that it was impractical to make enough observations
to identify all the soils and miscellaneous areas on the landscape.

The presence of minor components in a map unit in no way diminishes the usefulness
or accuracy of the data. The objective of mapping is not to delineate pure taxonomic
classes but rather to separate the landscape into landforms or landform segments that
have similar use and management requirements. The delineation of such segments

Custom Soil Resource Report
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on the map provides sufficient information for the development of resource plans. If
intensive use of small areas is planned, however, onsite investigation is needed to
define and locate the soils and miscellaneous areas.

An identifying symbol precedes the map unit name in the map unit descriptions. Each
description includes general facts about the unit and gives important soil properties
and qualities.

Soils that have profiles that are almost alike make up a soil series. Except for
differences in texture of the surface layer, all the soils of a series have major horizons
that are similar in composition, thickness, and arrangement.

Soils of one series can differ in texture of the surface layer, slope, stoniness, salinity,
degree of erosion, and other characteristics that affect their use. On the basis of such
differences, a soil series is divided into soil phases. Most of the areas shown on the
detailed soil maps are phases of soil series. The name of a soil phase commonly
indicates a feature that affects use or management. For example, Alpha silt loam, 0
to 2 percent slopes, is a phase of the Alpha series.

Some map units are made up of two or more major soils or miscellaneous areas.
These map units are complexes, associations, or undifferentiated groups.

A complex consists of two or more soils or miscellaneous areas in such an intricate
pattern or in such small areas that they cannot be shown separately on the maps. The
pattern and proportion of the soils or miscellaneous areas are somewhat similar in all
areas. Alpha-Beta complex, 0 to 6 percent slopes, is an example.

An association is made up of two or more geographically associated soils or
miscellaneous areas that are shown as one unit on the maps. Because of present or
anticipated uses of the map units in the survey area, it was not considered practical
or necessary to map the soils or miscellaneous areas separately. The pattern and
relative proportion of the soils or miscellaneous areas are somewhat similar. Alpha-
Beta association, 0 to 2 percent slopes, is an example.

An undifferentiated group is made up of two or more soils or miscellaneous areas that
could be mapped individually but are mapped as one unit because similar
interpretations can be made for use and management. The pattern and proportion of
the soils or miscellaneous areas in a mapped area are not uniform. An area can be
made up of only one of the major soils or miscellaneous areas, or it can be made up
of all of them. Alpha and Beta soils, 0 to 2 percent slopes, is an example.

Some surveys include miscellaneous areas. Such areas have little or no soil material
and support little or no vegetation. Rock outcrop is an example.

Custom Soil Resource Report
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Brevard County, Florida

9—Canaveral-Anclote complex, gently undulating

Map Unit Setting
Elevation: 10 to 60 feet
Mean annual precipitation: 49 to 57 inches
Mean annual air temperature: 68 to 75 degrees F
Frost-free period: 350 to 365 days

Map Unit Composition
Canaveral and similar soils: 60 percent
Anclote and similar soils: 30 percent
Minor components: 10 percent

Description of Canaveral

Setting
Landform: Dunes on marine terraces, ridges on marine terraces
Landform position (three-dimensional): Interfluve
Down-slope shape: Convex
Across-slope shape: Linear
Parent material: Sandy marine deposits

Properties and qualities
Slope: 0 to 5 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Somewhat poorly drained
Capacity of the most limiting layer to transmit water (Ksat): Very high (19.98 to 50.02

in/hr)
Depth to water table: About 12 to 36 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum content: 15 percent
Maximum salinity: Nonsaline (0.0 to 2.0 mmhos/cm)
Sodium adsorption ratio, maximum: 6.0
Available water capacity: Very low (about 1.4 inches)

Interpretive groups
Farmland classification: Not prime farmland
Land capability (nonirrigated): 6s
Hydrologic Soil Group: A/D
Other vegetative classification: Forage suitability group not assigned

(G156BC999FL)

Typical profile
0 to 6 inches: Sand
6 to 12 inches: Sand
12 to 80 inches: Coarse sand

Description of Anclote

Setting
Landform: Flats on marine terraces
Landform position (three-dimensional): Talf
Down-slope shape: Linear

Custom Soil Resource Report
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Across-slope shape: Linear
Parent material: Sandy marine deposits

Properties and qualities
Slope: 0 to 2 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Very poorly drained
Capacity of the most limiting layer to transmit water (Ksat): High to very high (5.95

to 19.98 in/hr)
Depth to water table: About 0 to 6 inches
Frequency of flooding: None
Frequency of ponding: None
Maximum salinity: Nonsaline (0.0 to 2.0 mmhos/cm)
Sodium adsorption ratio, maximum: 4.0
Available water capacity: Low (about 5.3 inches)

Interpretive groups
Farmland classification: Not prime farmland
Land capability (nonirrigated): 3w
Hydrologic Soil Group: A/D
Other vegetative classification: Sandy soils on flats of mesic or hydric lowlands

(G156BC141FL)

Typical profile
0 to 19 inches: Sand
19 to 72 inches: Sand

Minor Components

Palm beach
Percent of map unit: 5 percent
Landform: Dunes on marine terraces
Landform position (three-dimensional): Interfluve
Down-slope shape: Convex
Across-slope shape: Linear
Other vegetative classification: Sandy soils on ridges and dunes of xeric uplands

(G156BC111FL)

Pomello
Percent of map unit: 5 percent
Landform: Flats on marine terraces, rises on marine terraces
Landform position (three-dimensional): Interfluve
Down-slope shape: Convex
Across-slope shape: Linear
Ecological site: Sand Pine Scrub (R155XY001FL)
Other vegetative classification: Sandy soils on rises and knolls of mesic uplands

(G156BC131FL)

Custom Soil Resource Report
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10—Canaveral-Urban land complex

Map Unit Setting
Elevation: 10 to 100 feet
Mean annual precipitation: 49 to 57 inches
Mean annual air temperature: 68 to 75 degrees F
Frost-free period: 350 to 365 days

Map Unit Composition
Canaveral and similar soils: 50 percent
Urban land: 40 percent
Minor components: 10 percent

Description of Canaveral

Setting
Landform: Flats on marine terraces, ridges on marine terraces
Landform position (three-dimensional): Interfluve
Down-slope shape: Convex
Across-slope shape: Linear
Parent material: Sandy marine deposits

Properties and qualities
Slope: 0 to 2 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Moderately well drained
Capacity of the most limiting layer to transmit water (Ksat): Very high (19.98 to 50.02

in/hr)
Depth to water table: About 30 to 60 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum content: 15 percent
Maximum salinity: Nonsaline (0.0 to 2.0 mmhos/cm)
Sodium adsorption ratio, maximum: 6.0
Available water capacity: Very low (about 1.4 inches)

Interpretive groups
Farmland classification: Not prime farmland
Land capability (nonirrigated): 6s
Hydrologic Soil Group: A
Other vegetative classification: Forage suitability group not assigned

(G156BC999FL)

Typical profile
0 to 6 inches: Sand
6 to 12 inches: Sand
12 to 80 inches: Coarse sand

Custom Soil Resource Report
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Description of Urban Land

Setting
Landform: Marine terraces
Landform position (three-dimensional): Interfluve, talf
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: No parent material

Interpretive groups
Farmland classification: Not prime farmland
Other vegetative classification: Forage suitability group not assigned

(G156BC999FL)

Minor Components

Anclote
Percent of map unit: 4 percent
Landform: — error in exists on —
Landform position (three-dimensional): Talf
Down-slope shape: Linear
Across-slope shape: Linear
Other vegetative classification: Forage suitability group not assigned

(G156BC999FL)

Pompano
Percent of map unit: 3 percent
Landform: Flats on marine terraces
Landform position (three-dimensional): Talf
Down-slope shape: Linear
Across-slope shape: Linear
Ecological site: Slough (R155XY011FL)
Other vegetative classification: Forage suitability group not assigned

(G156BC999FL)

Myakka
Percent of map unit: 3 percent
Landform: Flats on marine terraces
Landform position (three-dimensional): Talf
Down-slope shape: Convex
Across-slope shape: Linear
Ecological site: South Florida Flatwoods (R155XY003FL)
Other vegetative classification: Forage suitability group not assigned

(G156BC999FL)

14—Beaches

Map Unit Setting
Elevation: 0 to 20 feet

Custom Soil Resource Report

15



Mean annual precipitation: 42 to 57 inches
Mean annual air temperature: 52 to 75 degrees F
Frost-free period: 190 to 365 days

Map Unit Composition
Beaches: 95 percent
Minor components: 5 percent

Description of Beaches

Setting
Landform: Beaches on marine terraces
Landform position (three-dimensional): Rise
Down-slope shape: Convex
Across-slope shape: Linear

Interpretive groups
Farmland classification: Not prime farmland
Land capability (nonirrigated): 8
Other vegetative classification: Forage suitability group not assigned

(G133AA999FL)

Minor Components

Palm beach
Percent of map unit: 3 percent
Landform: Dunes on marine terraces
Landform position (three-dimensional): Interfluve
Down-slope shape: Convex
Across-slope shape: Linear
Other vegetative classification: Sandy soils on ridges and dunes of xeric uplands

(G156BC111FL)

Canaveral
Percent of map unit: 2 percent
Landform: Flats on marine terraces, ridges on marine terraces
Landform position (three-dimensional): Interfluve
Down-slope shape: Convex
Across-slope shape: Linear
Other vegetative classification: Forage suitability group not assigned

(G156BC999FL)

69—Urban land

Map Unit Composition
Urban land: 100 percent

Description of Urban Land

Setting
Landform: Marine terraces

Custom Soil Resource Report
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Landform position (three-dimensional): Interfluve, talf
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: No parent material

Interpretive groups
Farmland classification: Not prime farmland
Other vegetative classification: Forage suitability group not assigned

(G156BC999FL)

Custom Soil Resource Report
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SpaceX F9R Acoustic Test Study and Sonic Boom Model 
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Summary

• Approach:
– Collect data during F9-R testing at McGregor, Texas 

at various locations
• ExTech Sound Level Datalogger

– Frequency weighted to an A

– Measures the OASPL from 31.5 to 8000 Hz

– Developed a predicted trend equation to determine 
how the acoustics propagate based on the dBA data 
obtained during F9R test flights

– Provide a conservative approximation for 3000 re-
entry
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Microphone Location

The same set-up was used for both the 250 meter flight and the 1000 meter flight. 
(\\filer1\Dynamics\GSanchez\Analysis\Acoustics\Far Field Launch Acoustics\Microphone_Set-up\F9R TX Far-Field Acoustics.pptx)
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Collecting Microphone Data
• For each microphone, the following data was collected for the two 1000 meter flights

– Average OASPL during re-entry (dBA)
– Sound exposure level during re-entry (SEL)

• To insure that the correct time segment was analyzed, each microphone was carefully looked 
at to determine the start-up, start of re-entry, and shut down times for each flight event
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Post Processing the data

• Analysis
– Developed a predicted trend equation to determine 

how the acoustics propagate based on the average 
value obtained during flight. 

– Determine the sound exposure level for all the data 
collected from the 1000 meter flight

– Conduct a conservative approximation of a 3000 
meter flight

• All data is collected or post processed in dBA

• Assuming an average sound exposure level of 
65dBA for days that we are not firing
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Calculating the Day-Night Sound Level
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• The SEL level for non flight days will be 65 dBA
• Assume that the LA value for non flight duration will also be considered to be 65dBA
• We will assume 12 flights per year and one night flight
• The 1000 meter flight 2 re-entry duration lasted for 120 seconds while the 1000 meter flight 3 re-

entry duration latest for 117 seconds, but will be round to 120 seconds
• The conservative 3000 meter flight will last for 360 seconds 

– 0 to 1000 meters
• The data will be exactly the same as the 1000 meter flights 
• This event will last for 120 seconds

– 1000 to 3000 meters
• This event will last for 240 seconds
• The dBA value for the entire duration will be the maximum value collected from the maximum 

reading from the 1000 meter microphones

Since the data is recorded in increments of .5 seconds, the 2 from the equation is taking this into 
account
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1000 Meter Yearly DNL 
• Data collected during two 1000 meter flights 
• Data that was corrupted for microphones was removed
• This data assumes that 9 flights will be during the day time 

while 3 flights will be during the night
• This is assuming a logarithmic trend
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3000 Meter Yearly DNL 
• Data collected during two 1000 meter flights 
• Data that was corrupted for microphones was removed
• This data assumes that 9 flights will be during the day time 

while 3 flights will be during the night
• This is assuming a logarithmic trend
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Using the dBA Data From 1000 Meter Flight

Cape Canaveral

• Anything within the red circle will experience roughly a day/night average 
sound level of 1.5dBA increase with the 1000 meter data

• Anything within the black circle will experience roughly a day/night average 
sound level of 1.5dBA increase with the 3000 meter assumption

RED Circle = 1.1 Miles Black Circle = 2.7 Miles
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1.0  Introduction 

The sonic boom footprint has been computed for the Falcon 9 launch vehicle during the entry and 
descent of the reusable first stage to Cape Canaveral Air Force Station. 

Sonic boom is generated while the Falcon 9 is supersonic during descent, above an altitude of about 
30000 feet. Sonic boom analysis was performed with Wyle’s PCBoom software.1,2  Section 2 
presents a background discussion of sonic boom.  Section 3 presents the results for Falcon 9 
descent. 

2.0  Sonic Boom Background 

A sonic boom is the wave field about a supersonic vehicle.  As the vehicle moves, it pushes the air 
aside.  Because flight speed is faster than the speed of sound, the pressure waves can’t move away 
from the vehicle, as they would for subsonic flight, but stay together in a coherent wave pattern.  
The waves travel with the vehicle.  Figure 1 is a classic sketch of sonic boom from an aircraft in level 
flight.  It shows a conical wave moving with the aircraft, much like the bow wave of a boat.  While 
Figure 1 shows the wave as a simple cone, whose ground intercept extends indefinitely, temperature 
gradients in the atmosphere generally distort the wave from a perfect cone to one that refracts 
upward, so the ground intercept goes out to a finite distance on either side.  Boom is not a one time 
event as the aircraft “breaks the sound barrier” but is often described as being swept out along a 
“carpet” across the width of the ground intercepts and the length of the flight track.  Booms from 
steady or near-steady flight are referred to as carpet booms. 

The waveform at the ground is generally an “N-wave” pressure signature, as sketched in the figure, 
where compression in the forward part of the vehicle and expansion and recompression at the rear 
coalesce into a bow shock and a tail shock, respectively, with a linear expansion between. 

Figure 1 is drawn from the perspective of aircraft coordinates.  The wave cone exists as shown at a 
particular time, but is generated over a time period.  Booms can also be viewed from the perspective 
of rays propagating relative to ground-fixed coordinates.  Figure 2 shows both perspectives.  The 
cone represents rays that are generated at a given time, and which reach the ground at later times.  
The intercept of a given ray cone with the ground is called an “isopemp.”  When computing sonic 
booms the ray perspective is appropriate, since one starts the analysis from the aircraft trajectory 
points and each isopemp is identified with flight conditions at a given time.  As sketched in Figure 2, 
the isopemps are forward facing crescents. 
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Figure 1. Sonic Boom Wave Field Figure 2. Wave versus Ray Viewpoints

 

 

 

 

   

 
Figure 3. Ray Cone in Diving Flight
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Figures 1 and 2 are drawn for steady level flight.  If the aircraft climbs or dives, the ray cone tilts 
along with it.  Figure 3 shows a ray cone in diving flight.  At the angle in the figure the isopemp 
would still be a forward facing crescent, but would wrap around further than shown in Figure 2.  In 
a steeper dive the isopemp could go full circle.  If the vehicle is climbing at an angle steeper than the 
ray cone angle, there will be no boom at the ground.  During very steep descent (near vertical) and at 
high Mach numbers the rays can be emitted at a shallow enough angle that they would refract 
upward and not reach the ground.  For a descending vehicle that eventually decelerates to subsonic 
speed, some part of the trajectory will generate boom that reaches the ground. 

Supersonic vehicles can turn and accelerate or decelerate.  That affects the boom loudness, and 
under some conditions cause focused superbooms.  Figure 4 is a sketch of rays from an accelerating 
aircraft.  As the Mach number increases the ray angles steepen.  The rays cross and overlap, with the 
focus along the “caustic” line indicated in the figure.  The boom on a focusing ray is a normal N-
wave before it gets close to the caustic, is amplified by a factor of two to five as it reaches the 
caustic, then is substantially attenuated as a “post-focus” boom after it passes the caustic.   

Figure 5 shows the isopemps for this type of acceleration focus.  The focal zone is the concentrated 
region at the left end of the footprint.  The maximum focus area – where the boom is more than 
twice the unfocused normal boom – is very narrow, generally a hundred yards or less. 

  

Figure 4.  Ray Crossing and Overlap in an 
Acceleration Focus 

Figure 5. Isopemp Overlap in an 
Acceleration Focus 

 

3.0  Falcon 9 Descent Sonic Boom 

Data file “Orbcomm2_Nominal_Landing_r2007_80_12.ASC” containing the Stage 1 trajectory 
from separation through final descent was received from SpaceX on 1 June 2014.  The descent 
portion is supersonic from shortly after the apogee until it passes through an altitude just below 
30,000 feet.  Most of the descent is unpowered.  There is a retro entry burn that occurs from around 
224,000 feet until around 143,000 feet. 

The boom footprint was computed using PCBoom.1,2  The vehicle is a cylinder generally aligned 
with the velocity vector, descending engines first.  It was modeled via PCBoom’s drag-dominated 
blunt body mode,3 which has been validated for entry vehicles.4  Drag is determined by vehicle 
weight and the kinematics of the trajectory.  Kinematics include the effect of the retro burn.  Figure 
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6 shows the sonic boom footprint, in the form of overpressure contours, pounds per square foot 
(psf).  The ground track of the boom-producing part of the trajectory is shown in the figure.  There 
is a broad forward-facing crescent region generated as the vehicle descends below 200,000 feet 
during the retro burn.  After the burn finishes there is an oval boom footprint region that ends when 
speed becomes subsonic.  There is a narrow focus line, seen as the 2 and 3 psf contours and the 
western edge of the crescent, generated as the vehicle accelerates at the end of the retro burn.  At 
lower altitudes drag slows the descent, so boom following the focus is conventional carpet boom. 

 The boom on the shoreline at just north of Cape Canaveral is just under 1.0 psf.  To the 
west, boom amplitude falls to 0.2 psf at the edge of the footprint around Titusville. 

 The highest boom levels off-shore are up to 3.5 psf in the narrow focus region just inside 
the forward facing crescent.  This zone is narrow – about 100 yards wide.  The location will 
vary with weather conditions, so it is very unlikely that any given location will experience the 
focus more than once over multiple events. 

 The broad crescent includes land area around Daytona Beach.  Boom in that area will 
generally be in the 0.2 to 0.3 psf range.  It will exceed 0.5 psf along the focus line between 
Port Orange and Daytona Beach.  There is a local higher focus region, up to about 1.4 psf, 
northwest of Deltona.  Again, the location will vary from event to event, so it is unlikely any 
location would experience a focus multiple times. 

Booms in the 0.2 to 0.3 psf range could be heard by someone who is expecting it and listening for it, 
but usually would not be noticed.  Booms of 0.5 psf are more likely to be noticed, and booms of 1.0 
psf are certain to be noticed.  Some residents may be concerned about property damage.  The most 
common sonic boom property damage is to fragile items like glass.  The probability of a 1 psf boom 
breaking a typical residential window is somewhat less than one in a million.5 

The primary effect of the boom in the on-shore communities would be people who hear it – 
especially in the narrow focal zone – wondering what it is.  If the public is notified of this event and 
knows what to expect, adverse reaction can be minimized.  Sonic booms from Space Shuttle landing, 
which were much larger than the expected boom from this vehicle, generated few complaints 
because the public was informed.  
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Figure 6.  Sonic Boom Contours from Falcon 9 Descent 
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Appendix F  
USACE Wetland Determination Data Form 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 









Appendix G  
Biological Opinion  

 

 









































































Appendix H  
Florida State Historical Resource Division Archeological Response Letter   

To USAF LC-13 Archeological Survey  
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